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THE  ADRENALIN  INDEX  OF  THE  SUPRARENAL 
GLANDS IN HEALTH AND DISEASE.* 
BY  V.  P.  W.  SYDENSTRICKER, B.  J.  DELATOUR, AND 
G. H. WHIPPLE, M.D. 
(From  the Hunterian Laboratory of Experimental Pathology, Johns Hopkins 
Medical School, Baltimore.) 
During the past two years three methods for the quantitative esti- 
mation of adrenalin have appeared.  They are accurate and sensi- 
tive to minute quantities of adrenalin, much more so than any quan- 
titative methods hitherto used.  The method of Elliott consists in 
the blood pressure response of a  decerebrate eat to intravenous in- 
jection, standard adrenalin solutions being used as  controls.  The 
method of  Folin  consists  of  a  colorimetric reaction  of  adrenalin 
with a phosphotungstic acid reagent, the standard being a pure uric 
acid  solution.  The  method  of  Seidell  consists  of  a  colorimetric 
reaction of adrenalin with manganese dioxide, with adrenalin and 
gland extract as  a  control.  Seidell's  method appeared  after this 
series of observations had been completed and we cannot therefore 
report on its usefulness in this type of work. 
The chromaffin tissue is thought to have an intimate association 
with  adrenalin production and storage.  This  tissue  gives  a  deep 
brown color when treated with a solution of potassium bichromate, 
and  various  studies  dealing  with  this  substance  have  been 
published. 
Vincent  reports  a  study  of  this  chromaphil  substance  in  many animals,  par- 
ticularly the dog and cat.  He notes that the chromaphil substance is  found in con- 
siderable abundance  in the  dog outside  of the  adrenal  medulla.  The abdominal 
chromaphil  body  is  situated  just  in  front  of  the  aorta,  usually below  the  level 
of  the  adrenals.  It  is  incapable  of  maintaining life  in  the  absence  of  the  two 
adrenals.  An extract  of this  tissue  can  cause  a  rise  in blood  pressure  like that 
produced  by  an  extract  of  adrenal  medulla.  He  states  with  reason  that  this 
body  must  be  taken  into  consideration  in  all  interpretations  of  experiments  in 
which dogs  are used. 
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Schur  and  Wiesel claim that  prolonged  narcosis with chloroform or ether  in 
rabbits  may cause  disappearance  of the  adrenal  chromaffin,  followed by a  rapid 
return  to normal in about twelve hours.  They note hypoplasia of the chromaffin 
tissue of the adrenal  medulla  in status  lymphaticus.  Schwarzwald  confirms  this 
last observation,  but not the observations on animals  after anesthesia.  Hornow- 
ski  claims that  in  man  and  animals  one  may  note  a  quantitative  diminution  of 
the adrenal  chromaffin, depending upon the duration  of anesthesia.  He suggests 
that shock may depend in part on this depletion of the medulla chromaffin, which 
is concerned in the secretion of adrenalin. 
]3orberg has  done  an  extensive series of  experiments  to  show  fluctuations  in 
the chromaffin tissue under  various experimental conditions.  He used  the chro- 
mate  reaction  and  states  that  the  chromaffin  tissue  coloration  and  adrenalin 
content  vary  with  absolute  parallelism,  the  one  perhaps  being  the  parent  sub- 
stance of  the other.  Inanition  and  asphyxia  give a  loss  of  chromaffin  reaction; 
anemia  may  show  a  normal  reaction;  and  intestinal  obstruction  shows  a  paler 
one.  Chloroform  anesthesia  of  short  duration  gives  no  change,  but  long anes- 
thesia  (three to seven hours)  gives a  marked  weakening of the chromaffin stain- 
ing.  Ether  or  urethane  anesthesia  causes  no  change.  Phosphorus  poisoning 
gives  a  slight  lowering  of  the  chromaffin  staining.  He  finds  no  indication  by 
this  method  of  hyperplasia  of  one  adrenal  after  removal  of  the  other  gland. 
There is no reasonable  doubt that the methods used in our work are much more 
delicate than the chromaffin reaction.  If it is justifiable to argue concerning the 
adrenalin  content  from  the  density  of  the  chromaffin  reaction,  surely  one  can 
reverse the process and assume that a  more accurate estimation of adrenalin may 
give evidence concerning  the depletion of  the  chromaffin  tissue. 
Elliott states that the chromaffin tissue  diminishes in amount  as the adrenalin 
content  falls,  but  that  no  accurate  determination  is  possible.  His  experiments 
deal  chiefly with  the  adrenal  glands  of  cats  under  various  experimental  condi- 
tions.  He  states  that  anesthesia  by chloroform,  ether,  or urethane  will Cause  a 
drop  in  the adrenalin  content  of  the glands.  Stimulation  of  sensory  nerves  or 
injury to the brain will cause a definite fall in the adrenalin content of the glands. 
He believes that  drugs,  stimuli, and  trauma  act through  the central nervous  sys- 
tem and  that the impulses  travel along the splanchnics. 
METHOD. 
A  great many observations have been discarded because of inexplicable varia- 
tions  or  slips  in technique.  This  applies  especially to  the  physiological method, 
as  it will be  found  that  some cats  are  refractory  and  give variable  reactions  to 
injections. 
The glands  from the human  cases were removed at autopsy,  and  if not to be 
used  immediately were placed on  ice.  They  were usually cleaned  and  dissected 
carefully within a  few hours of the autopsy, and the extract was made and tested. 
The adrenals  were weighed and  in many  instances  separate  extracts  made  from 
the two glands  (tables I  to XVII). 
The  glands  obtained  from  dogs  were  always  fresh  and  removed  at  the  end 
of  an  experiment  or a  few minutes  after  death.  When  not tested  at  once, the 
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the  tables the  extracts  were  made  shortly after  death.  Experiments  were  done 
to indicate the influence of this preservation on ice and the rapidity of  deteriora- 
tion.  It  was  found  that gland Brei kept  on  ice  for  twenty-four  to  forty-eight 
hours would  rarely  show  a  diminution of  5 per cent.  in adrenalln. 
After  dissection and weighing the glands  were  cut  up  and ground  with  sand 
to  a  uniform  paste.  This  is  a  time-consuming  process,  but  the  determinations 
will  not  be  uniform  and  dependable  unless  it  is  thoroughly  carried  out.  The 
paste is then made up  to  a  2o per cent.  solution with 0.9 per cent.  salt  solution, 
ground,  and  mixed  thoroughly.  After  the  sand  has  settled,  the  milky  fluid  is 
decanted and used as  follows: 
A.  5  c.c.  of  the 20 per  cent.  extract  are  combined with  .5  c:c.  of  N/5  hydro- 
chloric acid and heated to boiling.  Sodium acetate  (Io per cent.)  is added  drop 
by  drop  to  the  boiling  solution  until  coagulation  is  complete.  The  mixture  is 
diluted to  50 c.c.  and  filtered through paper  giving a  water-clear  solution  which 
corresponds  to  the  solution  used  ~by  Folin.  Of  this  clear  extract  i0  c.c.  are 
pipetted  into a  Ioo c.c.  volumetric flask,  and  2  c.c.  of  the uric  acid  reagent  and 
2o c.c.  of  a  saturated  solution  of  sodium  carbonate are  added.  The  solution  is 
shaken, made up  to the  mark,  and after standing a  few  minutes is  read  against 
the standard solution.  It is often necessary to use more than Io c.c.  of the gland 
filtrate to give enough color  for accurate  reading. 
The standard  uric acid  solution  is  made by placing  I  c.c.  of  a  fresh  solution 
of uric acid containing I  mg. of Kahlbaum uric acid in a  IOO c.c. volumetric flask. 
The uric acid reagent and sodium carbonate are added as before and the solution 
is  made  up  to  the  mark.  The  readings  must  be  made  promptly  in  a  standard 
colorimeter  as  the colors  fade.  Folin,  Cannon, and  Denis  have determined  that 
pure adrenalin gives three times as  intense a  color  as  pure  uric  acid,  so  that by 
a  simple  calculation  the  amount  of  adrenalin  in  milligrams  per  gram  of  gland 
may be calculated. 
B.  Another portion  of gland  extract  (20 per  cent.)  is  diluted  for  use  in  the 
physiological  test.  With  normal  human  gland  extract  a  I  per  cent.  solution  is 
most  satisfactory,  but  at  times  further  dilution  may  be  necessary,  or  in  other 
cases  a  IO per cent.  extract must be used  to  elicit a  satisfactory  reaction.  With 
canine gland extract it may be necessary to dilute to 0.2 per cent., so that a  I  c.c. 
injection can be used without the reaction being too  intense. 
The  method  of Elliott was carried  out as  follows:  Cats  were  anesthetized,  a 
tracheotomy performed,  'both vagi  cut,  the brain destroyed,  and the  cord  pithed 
to  the  midthoracic  region.  Artificial  respiration  was  immediately  started  and 
continued  throughout  the  experiment.  The  blood  pressure  was  recorded  from 
the common carotid, and the injections were made by means of a  cannula in  the 
femoral  vein.  An  interval  of  twenty  to  thirty  minutes  was  necessary  after 
pithing  the  animal  before  the  blood  pressure  falls  to  a  constant  level.  Under 
such  conditions  the  standard  reaction  may  be  obtained  by  0.5  c.c.  of  adrenalin 
(Parke,  Davis and  Co.)  in  I : IOO,OOO dilution.  The  solutions  are  injected  rap- 
idly and followed by a  little normal saline to rinse out the cannula.  The reaction 
blood  pressure  curves  may  be  compared  and  measured,  giving  the  amount  of 
adrenalin in the extracts  compared  with the  standard  solution,  which  can  easily 
be estimated by the  Folin  method. 
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or tissue extract given in equal or  fractional repeated injections.  These experi- 
ments  must  be  rejected.  A  suitable interval between  injections is  imperative. 
Very often it will be found that the reaction to successive  doses  of pure adren- 
alin  solution in  equal  amount  will  not  be  uniform.  The  curves  will  become 
higher until a  maximum is  reached  when subsequent injections will give lower 
curves.  It  is  important not  to  tax  the  system  by  overdoses  of  adrenalin, as 
the  subsequent reactions to smaller doses  will be  much below  the first  reaction 
to such doses.  It is unsafe to push the blood  pressure much more than 60 ram. 
of mercury above the constant blood pressure level, as the cats may show  breaks 
in  the  even rounded  curve and  subsequent reactions  may  be  inaccurate.  Our 
practice  has  been to  make  alternate injections of  pure adrenalin solutions and 
unknown extract, using minimal amounts and increasing to an optimum reaction. 
The adjacent curves may then be compared and the amount of adrenalin computed. 
EXPERII~ENTAL  OBSERVATIONS. 
The  following  type  experiment  (table  I)  shows  the  effect  of 
preservation  and  autolysis  upon  gland  emulsions  of  normal  pigs. 
The  animals were  killed by a  blow on the  head,  bled at  once,  and 
dressed as  usual.  The  gland hash  was  made at once and tested  at 
intervals as  indicated in the  table.  It  is  clear that  the  drop  in the 
adrenal index is not very rapid during preservation on ice. 
TABLE I. 
Adrenalin Index.  Chemical  Method. 
Normal fresh plg adrenal extract ...........................  1,6o4 mg.  per gm. 
Normal fresh pig adrenal extract plus I rag. adrenalin solution 2.54o rag. per gin. 
Preservation on ice  for 2 dys ..............................  1.578 rag.  per gin. 
Preservation on ice  for 4  dys ..............................  1.463 rag. per gin. 
Preservation on ice  for 6  dys ..............................  1.2oo rag.  per gin. 
Preservation  x on ice  for 8 dys ..............................  o.5o6 rag. "per gin. 
TABLE  II. 
Normal  Dogs. 
Adrenalin  in rag. per gin. of gland. 
No. of animal.  Chemical method.  Physiological  method. 
94  1.396  ... 
lO7  1.36o  ... 
I2-I05  1.416  4.31 
N  1.83  5.70 
I2-I4O  I. I67  3.09 
o-92  1.25  4.55 
Table  II  shows  the  normal  adrenalin  index  for  healthy  dogs. 
These dogs  were killed by means of ether anesthesia for about five 
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minutes and rapid bleeding from the carotid.  The wide divergence 
of the chemical and physiological determinations will be discussed 
later (tables XIV to xvII). 
TABLE  III. 
Fatal  Shock.  Dog  Injected  Intravenously  with  Poison  Obtained  from  Closed 
Duodenal  Loops. 
Adrenalin in rag.  per 
gnn. of gland. 
No. of animal.  Chemical  method.  Remarks. 
O-30  0.450  Death  in 4  hrs. 
o-38  0.043  Death  in  6 +  hrs.  Autopsy 12 hrs. post mortem. 
0-44  0.388  Death  in  4  hrs. 
0-52  0.345  Death  in 4  hrs. 
o-53  0.303  Death  in  4  hrs. 
o-56  o.433  Death  in 4  hrs.  Autopsy i2  hrs.  post  mortem. 
0-56  0.433  Death  in  4  hrs.  Autopsy 12  hrs, post  mortem. 
o-74  o.378  Death  in  8  hrs.  Autopsy 12  hrs.  post  mortem. 
o-63  0.925  Death  in 24  hrs.  Bronchopneumonia. 
Iio  o.417  Death  in 2  hrs. 
Table III shows  the  constant low adrenalin index of  dogs poi- 
soned fatally with fluid obtained from closed duodenal loops.  The 
details of these experiments have been published elsewhere (Whip- 
ple, Stone, and Bernheim).  The dogs die with constant symptoms 
of fatal shock, low blood pressure, and temperature, vomiting, and 
diarrhea,  with  profound  collapse.  The  adrenalin  index  of  dogs 
dying in four hours is about one fourth of normal, indicating per- 
haps  a  depletion of  the  adrenalin  in  an  effort  to  compensate  the 
lowered blood pressure. 
TABLE IV. 
Intoxication.  Dog. 
No. of 
animal. 
0-35 
0-39 
o-58 
o-xo6 
O--IO0 
D-L 
O~I2I 
0~66 
o-6o 
o-68 
Adrenalin in mg. per gm. of gland. 
Chemical  Physiological 
method,  method. 
0.I86 
0.566 
0.483 
x.25  0.29 
1.o83  z.o2 
o.833  1.8o 
0.9x7  3.90 
0.5II 
0.8XI 
0.566  I 
Remarks. 
[High intestinal obstruction.  Death in 5 dys. 
High intestinal obstruction.  Death in 6 dys. 
High intestinal obstruction.  Death in  3 dys. 
Closed duodenal loop.  Killed on 3d dy. 
IClosed duodenal loop.  Killed on 3d dy. 
:Closed duodenal loop.  Death on 4th dy. 
Closed duodenal loop.  Killed on 3d dy. 
General peritonitis.  Loop rupture. 
General peritonitis.  Bile duct rupture. 
Acute  hemorrhagic pancreatitis.  Bile  injec- 
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Table IV confirms the experiments in table III and shows a con- 
stant low adrenalin index in the intoxication of intestinal obstruc- 
tion and closed loop experiments.  Acute pancreatitis and general 
peritonitis may give the same low index. 
TABLE  V. 
Anesthesia  and Liver Injury.  Dog. 
No. of 
animal. 
C-r 
C-2 
O--II  7 
12--63 
X2--59 
r2-76 
19--80 
12--64 
O--Ill 
19-87 
19--93 
Adrenalin  in  mg. per  gin.  of  gland. 
Chemical  Physiological 
method,  method. 
o.76I 
0.783 
x.oo  3.35 
Remarks. 
Killed at the end of 2 hrs.  Chloroform anes- 
thesia. 
Perfusion for 3 hrs.  Ether anesthesia. 
Chloroform for ~ hrs.  Killed 24 hrs. later. 
x.x25 
0.532 
0.975 
I.I56 
0.018 
0.667  1.49 
0.633 
o.8ix 
Chloroform for 2 hrs.  Killed 48 hrs.  later. 
Phosphorus fatal in x8 hrs. 
Phosphorus fatal on 3d dy. 
Phosphorus fatal on 6th dy. 
Phosphorus  subcutaneously.  B.  coil intra- 
venously. 
Liver extirpation.  Killed in 5 hrs. 
Hydrazine.  Fatal on 2d dy. 
Hydrazine.  Fatal on 3d dy. 
Table  V  shows  the  effects  of  chloroform  or  ether  upon  the 
adrenalin index.  There is  a  fairly rapid return to normal.  It is 
interesting that  various  liver  poisons  cause  a  definite  fall  in  the 
adrenalin index.  The more acute the injury the more pronounced 
is the diminution in adrenalin.  The combination of a  liver poison 
with a septicemia causes the most complete depletion of the adren- 
alin.  This is true of chloroform as well as phosphorus, and such 
animals die in a few hours with symptoms of acute shock. 
TABLE  VI. 
Pancreatic Diabetes.  Cat. 
Adrenalin in mg. per 
No. of  gin. ofgiand. 
animal.  Chemical method.  Remarks. 
I  1.26  Normal. 
2  0.20  Death  in  7  dys.  Constant glycosuria. 
3  0.27  Death  in  8  dys.  Constant  glycosuria. 
Table VI  shows the  effect of  removal of the pancreas  in  eats. 
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rapid loss  of  weight.  This  observation is  of  interest  when  com- 
pared with a human case of exophthalmic goitre  (table VIII)  with 
fatal intoxication showing a low adrenalin index; also compare witll 
human diabetes with a low adrenalin index  (table XI). 
TABLE VII. 
Miscellaneous Conditions.  Man. 
C~tse 
l'qo. 
3969 
3877 
3877 
3867 
3867 
3878 
3878 
3868 
3868 
3916 
39x6 
Hrs. post 
mortem, 
2 
31 
IS 
3 
16 
4 
Adrenalin in rag. per gin. 
of gianc 
Chemic~  Physiological 
method  method. 
O.4X7  0.75 
0.293  O.22 
0.360  0.24 
0.289 
o.~86 
0.493  o.4o 
o.45I  0.4  ° 
O.O0 
0.733 
o.867 
o.867 
Remarks. 
Cerebral  hemorrhage. 
mm. 
Cerebral  hemorrhage. 
mmo 
Blood  pressure  14o 
Blood  pressure  17o 
Ruptured aneurysm (thorax). 
Frauma (brain); bronchopneumonia. 
Tuberculous adrenal. 
Prostatitis and abscesses. 
Pernicious anemia. 
Table  VII  brings  out  several  interesting  points.  It  may  be 
assumed that the human cases that die suddenly from hemorrhage 
or trauma are  approximately normal.  These  cases  together  with 
some others cited below indicate that human adrenals shortly after 
death in approximately normal adults show an  adrenalin index of 
0.35 to 0.50; that is, they contain 0.35 to 0.50 of a milligram of ad- 
renalin per gram of  gland,  as  estimated by  the chemical method. 
Postmortem deterioration is probably not rapid when the bodies are 
kept in an ice box and there is no evidence of autolysis.  Human glands 
(right and left)  do not contain exactly the same amounts of adren- 
alin per gram of weight, but contain approximately equal amounts. 
It is noteworthy that one case  (No. 3868)  with a caseous adrenal 
(adrenalin index o)  showed almost double the normal amount of 
adrenalin  in  the  other  gland  which  did  not  show  marked  hyper- 
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The case of pernicious anemia is of interest because of recent in- 
vestigations  which  indic.ate  that  the  spleen  and  adrenal  may  be 
concerned in lipoid metabolism which is thought to be upset in this 
disease.  Physiological overactivity shows an increase in the adren- 
alin index of the suprarenal.  May we argue the converse, that  a 
very  high  adrenalin  index  means  an  increased  activity  of  the 
gland?  If  the  gland  cortex  is  overactive,  it  is  possible  that  the 
medulla  may  be  stimulated  to  a  somewhat  parallel  overactivity. 
By contrast it is seen that secondary anemias show a  low adrenalin 
index  (tables X  and XI). 
TABLE VIII. 
Intoxications.  Man. 
3883 
3883 
3965 
388I 
39O8 
39o8 
Case  Hrs. post 
No.  mortem. 
8 
24 
24 
18 
Adrenalin  in mg. per gm. 
of gland. 
Chemical  Physiological 
method,  method. 
o.471 
o.327 
O.III 
o.I57 
0.I62 
o.16I 
Remarks. 
Eclampsia. 
Exophthalmic goitre,  toxemia. 
Baby i6 mos.  Rachitis. 
Baby II mos.  Raehitis. 
Table  VIII  shows  a  case  of  eclampsia  with  the  characteristic 
liver lesion, which died with very acute symptoms of intoxication, 
to  have a  normal adrenalin index.  Cases  of severe rachitis  show 
a low index.  Exophthalmic goitre with acute intoxication shows a 
very low adrenalin index.  It is unfortunate that a  chemical deter- 
mination  was  not  done,  but  it  is  probable  from  experiments 
done  at  this  time  under similar  conditions  that  the  chemical  test 
would have been lower than the physiological, perhaps one half or 
one third. 
Table IX shows a  considerable variety of acute infections.  It is 
seen that some cases of general peritonitis, meningitis, and typhoid 
may show  a  normal  adrenalin  index.  The  average  is  somewhat 
subnormal, but the drop below normal is not marked, and We may 
conclude that  acute  infections may not cause a  great depletion of 
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TABLE  IX. 
Acute  Infections.  Man. 
Case 
No. 
3905 
39o5 
3896 
3896 
3863 
3863 
3862 
3866 
3866 
3872 
3872 
387I 
387I 
3875 
3875 
3917 
3917 
3939 
3899 
3899 
39IX 
39IX 
Hrs. 
post 
mortem. 
X6 
I4 
9 
24 
4 
7 
24 
4 
I4 
4 
6 
IO 
Adrenalin in'rag, per gin. 
of gland. 
Chemical 
method. 
0.353 
o.I42 
o.I73 
o.x75 
o.473 
0.510 
o.~8o 
0.245 
0.205 
o.I84 
o.18x 
0.330 
o.~86 
0.415 
o.375 
0.252 
o.23z 
0.I57 
0.I82 
0.2II 
0.434 
0.625 
Physiological 
method. 
0.44 
O.X5 
I.O0 
I.II 
0.43 
0.32 
Remarks. 
Peritonitis,  pericarditis,  pleurisy,  and  bron- 
chopneumonia. 
General peritonitis. 
General peritonitis. 
Baby 6 mos.  Pneumonia, meningitis. 
Bronchopneumonia. 
Baby z6 mos.  Bronchopneumonia. 
Meningitis, bronchopneumonia. 
Otitis media, meningitis. 
Endometritis, septicemia, icterus. 
Abortion, suppurative nephritis. 
Pylephlebitis, icterus. 
Typhoid fever, toxemia. 
It may be noted that two glands  (No. 3872 )  gave equal amounts 
of adrenalin by the chemical method, but three times the amount in 
one  gland  compared  with  the  other  by the  physiological  method. 
There  was  no  anatomical  difference in the  two  glands  and  we are 
inclined to believe that the chemical method was more nearly correct. 
Table X  shows that in acute tuberculosis the adrenalin  index may 
fall to about one half normal.  It will be noted that  the  glands  on 
the  two  sides  may vary  considerably as  to  their  adrenal  content. 
The  last  case shows  one  half  as  much  adrenalin  per  gram  in  one 
gland as in the other. V. P. W. Sydenstricker, B. J. Delatour, and G. H. Whipple. 
TABLE X. 
Tuberculosis.  Man. 
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Case No. 
389  I 
389 I 
3898 
3898 
3924 
386I 
386r 
Hrs. post 
mortem. 
I5 
I6 
I5 
I4 
Adrenalin in mg. 
per gm. of gland. 
Chemical method. 
0.220 
o.249 
0.250 
o:33o 
o.o58 
0.z32 
0.287 
Remarks. 
Baby 22 mos.  Miliary tuberculosis. 
Baby 7 mos.  Miliary tuberculosis. 
Miliary and chronic tuberculosis. 
Pulmonary tuberculosis and ruptured aneu° 
rysm. 
Table  XI  shows  that  the  cachexia  due  to  malignant  tumors  is 
associated  with  a  low  adrenalin  index,--one  half  normal  or  even 
considerably less. 
TABLE XI. 
Neoplasms.  Man. 
Case 
No. 
3903 
3903 
3912 
3912 
3972 
3913 
3913 
39oi 
39oi 
3874 
3874 
Hrs. post 
mortem. 
I 
20 
3 
I8" 
9 
6O 
Adrenalin in mg. per gm. 
of gland. 
Chemical 
method. 
0.205 
0.269 
O,III 
O.IYI 
o.2x6 
0.042 
o.o99 
o.I33 
o.I5o 
0.004 
0.012 
Physiological 
method. 
0.55 
0.02 
0.20 
Remarks. 
Cancer of stomach, metastases. 
Cancer of esophagus, empyema. 
Cancer of prostate, suppurative nephritis. 
Cancer of stomach, general peritonitis. 
Hypernephroma, anemia. 
Adenoma of adrenal. 
Diabetes.  Blood pressure 9o mm. 
The  case  of malignant  adenoma  of  the  adrenal  associated  with 
diabetes is of especial interest.  The diseased adrenal  showed only 
a  trace  of adrenalin and  the  uninvolved  gland  showed a  very low 
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tern change, as other autopsies of equal age show only a  moderate 
fall below normal  (table  s XII and XIII).  This  observation har- 
monizes with those of table  VI  in  which experimental pancreatic 
diabetes was associated with a low adrenalin index. 
TABLE XII. 
Nephritis.  Man. 
Case 
NO. 
3865 
3865 
3935 
3935 
3882 
3882 
Adrenalin in rag. per gm. 
of gland.  Hrs. post 
mortem.  Chemical  Physiological 
method,  method. 
50  o.26r 
o.z6o 
8  0.522 
0.405 
Remarks. 
Chronic nephritis, large kidney. 
Blood pressure 200 mm. 
o.182 
0.240 
0.50 
0.40 
Chronic and acute nephritis. 
Bronchopneumonia,  pericarditis.  Blood 
pressure I65 mm. 
Chronic nephritis.  Blood  pressure  I9O  mm. 
Acute endocarditis. 
TABLE  XlII. 
Cardiac Failure and  Passive Congestion.  Man. 
Case  Hrs. post 
No.  modem. 
3970  56 
3897  i8 
3897 
3909  4 
3909 
3973  8 
3869  4 
3869~ 
Adrenalin in rag. per gin. 
of gland. 
:heroical  Physiological 
nethod,  method. 
O.I62 
0.368 
O.37 r 
o.o9I 
o.087 
o.333  0.48 
0.495 
0.450 
Remarks. 
Myocarditis, pericarditis. 
Myocarditis, anasarca. 
Myocarditis, thrombosis. 
Myocarditis, bronchopneumonia. 
Blood pressure I75. 
Mitral insufficiency, Pott s  disease. 
Tables XII and XIII show that increased vascular tension asso- 
ciated with renal,  cardiac, or vascular disease does not cause any 
great fluctuation in the adrenalin index.  If anything the values are 
somewhat subnormal,  but  this  may be  accounted for  in  some in- 
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METHOD  CONTROL  EXPERIMENTS. 
Because of peculiar divergencies between the chemical and phys- 
iological determinations in some of the glands,  group experiments 
were done in which as many unequal  factors as  possible  might be 
eliminated.  Our  results do not agree with the  series  of observa- 
tions of Folin, Cannon, and Denis in which the two methods agreed 
with  startling  uniformity.  For  this  reason  we  were  careful  to 
eliminate as many sources of error as  possible.  In the  following 
groups of experiments care was taken not to overtax the decerebrate 
organism by  too  great  doses  of  adrenalin.  The  chemical deter- 
minations  were  done  in  duplicate  and  correspond  roughly to  the 
theoretical values.  The physiological values at times are high and 
again low. 
TABLE  XIV. 
No. 
x2-I4O (dog) 
o--92  (dog) 
o-II7 (dog) 
o-II9  (dog) 
o-IxI  (dog) 
397a (man) 
3973 (man) 
Adrenalin in rag. per gin. 
of  land. 
Chemical  Physiological 
method.  "  method. 
X.I67  3.09-3.10 
z.25o  4.oo-5.IO 
i.ooo  3.33-3..4  ° 
o.917  1.88-2.55 
o.667  1.26-I.73 
o.216  0.43-0.64 
o.333  o.36-o.6o 
•  Remarks. 
Normal. 
Normal. 
Chloroform anesthesia for 2 hrs.  Killed  24 hrs. 
later. 
Tissue juices intravenously.  Death in to hrs. 
Liver extirpation--ether.  Killed  at end of 5 hrs. 
Cancer of prostate.  Suppurative nephritis. 
Myocarditis.  Passive congestion. Bronchopneu- 
monia.  Blood pressure I75. 
Table XIV shows a group of observations done at the same time 
under the same conditions, using the same reagents and decerebrate 
cat.  The  chemical adrenalin  indices  vary  from  the  normal  dog 
down  through lower values  in  the  dog  due to  anesthesia,  to  the 
human cases  of low value.  Two series of physiological tests were 
done and are arranged side by side in the same table.  Sortie  de- 
terminations correspond and others do not, showing a variation of 
almost 5o per cent.  The physiological determination is much higher 
than  the  chemical but  the  ratio  is  not  the  same  in  the  different 
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TABLE  XV. 
Dog. 
No. of 
animal. 
N 
I2--4I 
O--I I2 
O--IgI 
O--II 5 
D-L 
Adrenalin in mg. per gin. 
of gland. 
Chemical 
method. 
1.83 
2.17 
2.I7 
0.92 
O.83 
Physiological 
method. 
5.70 
6.60 
6.3o 
3.9o 
4.00 
1.8o 
Remarks. 
Normal. 
Recovery in 3 wks. following chloroform poisoning. 
Dog immunized to duodenal loop poison. 
Closed duodenal loop.  Killed on 3d dy. 
Dog immunized to duodenal loop fluid. 
Closed duodenal loop.  Death on 4th dy. 
Table XV also shows a  group oi observations done at the same 
time under identical conditions.  Again the chemical values corre- 
spond  relatively to  the  theoretical ratio,  which  might  obtain  be- 
tween the  individual  cases.  These  are  the  highest  physiological 
values which we have ever observed, and this  decerebrate cat was 
very sensitive to  minute doses  of  adrenalin.  It  is  interesting  to 
compare this table with table XVII, where the physiological is below 
the chemical adrenalin index, in one instance of one fourth value. 
TABLE  XVI. 
No. 
I2-Io5  (dog) 
o-Io9  (dog) 
3969 (man) 
Adrenalin in rag. per gm. 
of  land. 
Chemical  Physiological 
method,  method. 
1.42  4.3X 
1.67  2.62 
0.42  0.75 
Remarks. 
Normal. 
Duodenal  loop poison  (sublethal dose).  Recovo 
cry in 36 hrs.  Killed. 
Cerebral hemorrhage.  Blood pressure I4o mm. 
Table XVI shows another group of experiments done on the same 
day under identical conditions.  The second experiment  (dog o-- 
Io9)  shows a  higher adrenalin index by the chemical method, but 
by the physiological method about one half the normal control. 
Table XVII shows two groups of experiments done on successive 
days under identical conditions.  It will be seen that the physiolog- 
ical method gives an index below that given by the chemical method. 
The values by the chemical method are in harmony with other ob- 
ser-~ations in similar experimental animals given above.  This illus- V. P. W. Sydenstricker, B. J. Delatour, and G. H. Whipple. 
TABLE XVII. 
Dog. 
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No.  of 
animal. 
July 22 
o--io6 
O--IO0 
0--I02 
July a3 
o-xo6 
0-I00 
0--102 
O--IIO 
o-99 
Adrenalin in rag. per gm. 
of gland. 
Chemical  Physiological 
method,  method. 
x.25  0.29 
1.08  1.02 
0.75  0.63 
0.83  } 
0.67 
0.50 
0.42 
o.96 
Remarks. 
Closed duodenal loop. 
Closed duodenal loop. 
Uremia(?). 
Killed on 3~ dy. 
Killed on 3d dy. 
Solutions kept for 24 hrs,  in cool  place,  not on ice. 
Shock.  Duodenal  loop  poison  intravenously.  Death 
in 2 hrs. 
Immune  dog with closed  duodenal  loop.  Killed  on 
8th dy. 
trates  the wide  fluctuations  which may be  observed in  group  ex- 
periments  with  the  decerebrate  cat.  The  last  half  of  the  table 
shows the rapid deterioration which may occur in the boiled filtered 
gland extracts kept in a  cool dark place. 
DISCUSSION. 
The  method  of  determining the  adrenalin  index,  that  is,  milli- 
grams of adrenalin per  gram of  gland,  is  open to  error.  In  our 
hands the chemical colorimetric method has  been much more uni- 
form and subject to  few sources of error.  To  the inexperienced 
worker  the  physiological  method  (with  the  decerebrate  cat)  is 
vastly more difficult than the chemical method.  Different cats will 
not react in the same way, or they may react in the same way to 
pure  adrenalin  and  in  a  different  manner  to  the  gland  extracts. 
The tissue extract seems to affect different animals  in a  strikingly 
different manner.  There  are  so  many possibilities  of  individual 
variation among these cats as to cast doubt on any single series of 
observations  with  one  animal.  In  our  work  if  the  cat  had  been 
given an overdose of adrenalin, perhaps causing only a  rise of 6o to 
80 millimeters of mercury, the subsequent reactions might be quite 
variable.  The  chemical method  gives  results  which  are  more  in 
harmony  with  the  theoretical  values,  and  known  dilutions  of  a 
gland extract can be determined much more accurately than by the 550  Adrenalin Index  of Suprarenal  Glands. 
physiological method.  The same holds true for standardized gland 
extract, to a  portion of which has been added a  known amount of 
pure adrenalin.  When the gland extract shows evidence of autol- 
ysis and a known amount of adrenalin has been added to a  portion, 
it will be found that both methods may fail to estimate the adrenalin 
accurately.  Tissue extracts in general tend to depress blood pres- 
sure,  particularly products  of autolysis,  and  this  may explain  the 
low results in some of the physiological determinations.  It is pos- 
sible that the adrenals contain some substance other than adrenalin 
which will cause elevation of blood pressure.  It  is difficult to ex- 
plain some of the findings in the last  few tables  unless some such 
possibility is  taken into account. 
SUMMARY. 
The adrenalin index as used in this paper means the amount of 
adrenalin in milligrams per gram of gland.  As  in  our hands  the 
chemical  colorimetric  method  has  proved  more  accurate, these 
values rather than the physiological v~lues will be given in the final 
analysis.  The two adrenal glar.ds in  the same individual as a  rule 
contain about the same amount of adrenalin per gram,  but  varia- 
tions of Io to 20 per cent. are not unusual. 
Normal  dogs  show  an  index  which may vary  from  1.2  to  L8 
milligrams.  The  dogs  were killed  by  short  ether  anesthesia  and 
bleeding from the carotid. 
Normal human beings, dying from trauma, rupture of aneurysm, 
etc.,  show an index of o.35  to o.5o  of a  milligram,  when autopsy 
takes place a  few hours after death.  Deterioration of uncut glands 
or of a  gland hash kept on ice in the dark is not rapid and rarely 
exceeds Io per cent. in twenty-four hours. 
Acute  intoxication  in  dogs  shows  a  low  adrenalin  index,  espe- 
cially the intoxication associated with intestinal obstruction and the 
closed intestinal  loop.  Intravenous  injection of the poison  found 
in  closed  duodenal  loops  sufficient to  cause  fatal  shock  causes  a 
great drop in the adrenalin index, at times to one fourth normal or 
even lower. 
After recovery from a  sublethal  toxic dose the adrenalin index 
may rise rapidly to a  point considerably above normal.  The same 
may hold  for recovery after chloroform poisoning. V. P. W. Sydenstricker, B. J. Delatour, and G. H. Whipple.  551 
Anesthesia by chl~oroform or ether causes a  drop in the adrenalin 
ihdex depending upon the length of anesthesia and probably in part 
on the depth of anesthesia. 
Liver  poisons  (chloroform,  phosphorus,  hydrazine)  cause  a 
drop in the adrenal index to a low level, perhaps one half normal in 
acute cases. 
Pancreas  extirpation  with  prolonged  glycosuria  and death  pro- 
duces a  great drop in the adrenalin  index  (cat).  There is evidence 
that  this  may hold in some cases of human  diabetes. 
In man  disease of one adrenal  (tuberculosis)  may be associated 
with  an  adrenalin  index  of  double the  normal  value  in  the  intact 
adrenal. 
Pernicious  anemia is the only disease so far  found to present an 
abnormally  high  adrenalin  index,  and  the  single  case  shows  an 
index at least twice normal.  This  is  of interest  especially in  rela- 
tion  to  the  views  recently put  forward  to  indicate  that  the  spleen 
and  adrenal  may  be  concerned  in  the  lipoid  metabolism  which  is 
thought  to be.profoundly disturbed  in this  disease. 
Secondary anemia  due  to  repeated  hemorrhage  or  the  intoxica- 
tion  of cancer  or tuberculosis causes a  fall in the  adrenalin  index. 
Cachexia due to neoplasm or tuberculosis may cause a  marked  fall 
in  the  adrenalin  index,  perhaps  to  less  than  one  half  of  normal. 
Acute  infections  (typhoid  fever),  septicemia,  peritonitis,  and 
similar conditions may be associated with a  normal adrenalin  index 
or one somewhat below normal. 
Diseases  of  the  kidneys,  heart,  or  blood vessels  associated  with 
elevated blood pressure show no constant variation in the adrenalin 
index,  which may be normal or slightly subnormal. 
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